Introduction

41
Because insects are ectotherms, and winter cold affects survival and 42 reproduction, it is commonly predicted that warmer winters might lead to poleward 43 expansion of temperate insects (Danks, 1991; Denlinger and Lee, 2010; Semel and 44 Andersen, 1988). Insect cold tolerance is generally divided into freeze avoidance 45 (insects that are killed by freezing) and freeze tolerance (insects that can withstand 46 internal ice formation) (Denlinger and Lee, 2010) . Because freeze-avoidant species 47 cannot survive when ice forms in their bodies, their supercooling points (SCP, the 48 temperature at which freezing occurs) equates to their lower lethal temperature (LLT).
49
Freeze avoiding insects often seasonally depress the SCP to ensure they remain killed by low winter temperatures (e.g., Roland and Matter, 2013) . Soil is a common 66 overwintering site for temperate insects (Danks, 1991) and buffers the extremes of 67 overwinter temperatures, especially in the presence of snow cover (Marshall and 68 Sinclair, 2012) . The high moisture content of soil has facilitated the development of a 69 cryoprotective dehydration strategy to enhance cold tolerance in permeable 70 invertebrates overwintering in the soil (Holmstrup et al., 2002 tannin, protein and fat in acorns varies among oak species (Shimada and Saitoh, 2006) .
92
The quality of diet influences cold tolerance in insects and spiders (Koštál et Water content
131
After assessing survival or measuring SCP, the larvae were weighed (wet mass)
132
and placed in 1.5 ml tubes. To speed drying, they were pierced ventrally with a needle.
133
The larvae were dried at 70 °C for at least five days, and then reweighed (dry mass).
134
The water content was calculated as the difference between fresh and dry mass of each 135 individual. kept at room temperature for 15 min and survival was assessed in this experiment.
146
Preliminary studies showed that survival rates estimated 15 min and 24 h after 147 rewarming were identical. Weevils were considered alive if they crawled voluntarily.
148
The median lower lethal temperature (LT50), the temperature that caused 50 % mortality To study the effect of long-term cold exposure on C. glandium larvae,
189
individuals from red oak acorns collected in 2011 were kept at 0 ºC for 2, 4 and 6 weeks.
190
Larvae were placed individually in 1.7 ml microcentrifuge tubes and five tubes with 191 larvae were contained in a 50 ml plastic jar. To expose larvae to 0 ºC, jars were buried 
Statistical analysis
199
Supercooling points were natural-log-transformed prior to further analysis.
200
The SCPs, body mass and dry mass of larvae kept at 4 ºC were compared among three 
Results
218
Cold tolerance strategy and acute cold tolerance 
224
The SCPs of larvae from bur oak acorns were significantly lower than SCPs of 225 larvae from red oak acorns in 2010 (Fig. 1A, F2 , 140 = 6.810, P < 0.001). Larvae 226 collected from red oak acorns in 2011 had lower SCPs than larvae collected in 2010 (P 227 < 0.001). Larvae collected from bur oak acorns had significantly higher water contents 228 than those collected from red oak acorns in 2010 (Fig. 1B, F2 , 139 = 11.183, P < 0.001).
229
The water contents of larvae from red oak acorns in 2010 were significantly lower than 230 those of larvae collected in 2011 (P < 0.001). There was no significant difference in 231 wet (Fig. 1C, F2, gradually increased through the experimental period (Fig 3B) . There was a significant 258 positive correlation between SCPs and water content in weevil larvae buried in the field 259 (Fig. 4 , rs = 0.68, P < 0.001).
261
Cryoprotective dehydration
262
To determine whether acorn weevil larvae utilize cryoprotective dehydration to 263 increase cold hardiness, larvae from red oak acorns in 2011 were exposed to -5 ºC at weeks was significantly compared to control and larvae kept at 0 ºC for two and four 282 weeks (Fig. 6B, F3 ,88 = 9.285, p < 0.001). Neither wet nor dry body mass differed 283 significantly among groups (Fig. 6C, wet intimately associated with cold tolerance in many species (Lee and Denlinger, 1991) .
331
The SCPs of the beetle Aulacophora nigripennis increase in February and termination 332 of diapause might be related to reduction of cold tolerance (Watanabe and Tanaka, 333 1998). Therefore, understanding the dynamics of diapause in C. glandium and
334
clarifying the relationship between diapause and cold tolerance would be a useful next 335 step in understanding the plasticity of overwintering in this species.
336
Field-acclimated larvae showed a positive correlation between SCP and water 337 content (Fig. 4) , and we therefore investigated whether larvae utilize cryoprotective The species of oak tree on which the weevils fed affects their cold tolerance; 
